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ABSTRACT 
 
 This study was conducted to assess the ecological and socio-
economic impacts of Wadi Abu Soueid rain water spreading dam which 
is located in an agro-pastoral rural area 120 kilometers due East of South-
East from the city of Khartoum. The Wadi Abu Soueid dam was 
established in 1997 by Khartoum State Ministry of Agriculture for the 
purpose of spreading the rain waters of Wadi Abu Soueid (a seasonal 
water course) to improve rain fed agriculture production and range land 
utilization in the area. 
The study was focused on villages where residents are involved in 
rain fed agriculture and range land use activities.  Five villages were 
randomly selected for purposes of the study, namely Salamat Wad Nile, 
Al Hidaibab, Seyal Alfaki Saad, Al Ahamda,and Al Nikhaira. 
The conceptual framework of the study involved a number of 
variables reflecting respondents characteristics (such as tribal affiliation, 
age, family size, level of family members education, and occupation) 
land tenure) and variables reflecting the environmental and socio-
economic conditions in the study area before and after the establishment 
of the water spreading dam under investigation. Comparative analysis 
was performed to determine the significance of differences between the 
pre- and post-dam periods in terms of areas under crops, crop production 
and productivity, size of livestock herds owned, income from crop and 
animal production, the density of pasture grasses and trees, security 
hazards (in terms of fire breakouts, excessive tree cutting, animal thefts), 
and the rates of temporary annual out migration of residents from 
communities in the dam area. 
Primary data for the study were collected through use of personal 
interviews with respondents aided by a prepared structured questionnaire.  
Secondary data were collected from various sources, the most important 
among which were the formal records of the Ministry of Agriculture, 
Khartoum State.  The Statistical Package for the Social Sciences (SPSS) 
was employed in data analysis to generate frequency distributions, t-test 
statistics, and inter-correlations among selected variables. 
Data analysis revealed the presence of significant differences 
between the periods before and after the establishment of Wadi Abu 
Soueid dam in terms of dura (sorghum) productivity, sizes of livestock 
herds, and thee production and marketing, of milk and live animals.  
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Analysis of data also revealed an improvement in the density of natural 
pasture and tree cover in the rangelands following the construction of the 
dam. However, some negative impacts of the water spreading dam were 
also revealed by the analysis, such as an increase in the density of the 
crop weeds of Adar and Buda which reduce dura productivity. Also 
revealed by the study is a significant increase in security problems 
following the construction of the water spreading dam (such as 
trespassing on farm and rangeland by nomadic groups from neighboring 
areas), technical problems stemming from neglect of regular maintenance 
of the dam, and lack of follow up activities (to the effect that the 
opportunity to cultivate some potentially productive farm land was lost 
because of flooding by uncontrolled rain water). 
The study, therefore, recommended regular maintenance of Wadi 
Abu Soueid dam and adequate follow up of the pasture and crop land 
improvement programs of the area, the introduction of improved crop 
and natural plant varieties, and the intensification of technically 
coordinated extension programs employing the participatory approach for 
achieving sustainable development and utilization of natural resources in 
the area. 
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 اﻟﺨﻼﺻﺔ
 
ﻰ ﻋﻠﻟﻨﺸﺮ ﻣﻴﺎﻩ اﻷﻣﻄﺎر     أﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﻟﻤﻌﺮﻓﺔ أﺛﺮ إﻗﺎﻣﺔ ﻣﺸﺮوع  ﺳﺪ وادي أﺑﻮ ﺳﻮﻳﺪ 
 آﻴﻠﻮﻣﺘﺮ 021اﻷﺣﻮال اﻟﺒﻴﺌﻴﺔ و اﻹﻗﺘﺼﺎدﻳﺔ و اﻹﺟﺘﻤﺎﻋﻴﺔ ﺑﺎﻟﻤﻨﻄﻘﺔ اﻟﺮﻳﻔﻴﺔ اﻟﺘﻲ ﺗﻘﻊ ﻋﻠﻰ ﺑﻌﺪ 
 ﺑﺘﻤﻮﻳﻞ 7991ﺪ ﻓﻲ ﻋﺎم   ﻟﻘﺪ ﺗﻢ إﻧﺸﺎء ﺳﺪ وادي أﺑﻮ ﺳﻮﻳ.ﺷﺮق اﻟﺠﻨﻮب اﻟﺸﺮﻗﻲ ﻟﻤﺪﻳﻨﺔ اﻟﺨﺮﻃﻮم
  ﺘﺤﺴﻴﻦ اﻟﺰراﻋﺔ ﻟﺳﺘﻔﺎدة ﻣﻦ ﻣﻴﺎﻩ وادي أﺑﻮ ﺳﻮﻳﺪ اﻹﻣﻦ وزارة اﻟﺰراﻋﺔ، وﻻﻳﺔ اﻟﺨﺮﻃﻮم، ﺑﻬﺪف 
  . ﺑﺎﻟﻤﻨﻄﻘﺔ اﻟﻄﺒﻴﻌﻴﺔاﻟﻤﻄﺮﻳﺔ و اﻟﻤﺮاﻋﻲ
و ﻳﻤﺎرس ﺳﻜﺎﻧﻬﺎ اﻟﻨﺸﺎﻃﺎت      رآﺰت هﺬة اﻟﺪراﺳﺔ ﻋﻠﻰ اﻟﻘﺮى اﻟﺘﻲ ﺗﻤﻠﻚ أراﺿﻲ زراﻋﻴﺔ 
  ﺳﻠﻤﺔ ود ﻧﺎﻳﻞ: و هﻲ  ﻋﺸﻮاﺋﻴًﺎ ﻷﻏﺮاض اﻟﺪراﺳﺔﺧﻤﺴﺔ ﻗﺮىوﺗﻢ إﺧﺘﻴﺎر ﺘﻠﻚ اﻟﻤﻨﻄﻘﺔ، اﻟﺮﻋﻮﻳﺔ ﺑ
  . و اﻟﻬﺪﻳﺒﺎب و ﺳﻴﺎل اﻟﻔﻜﻲ ﺳﻌﺪ و اﻷﺣﺎﻣﺪة و اﻟﻨﺨﻴﺮة
ﻣﺜﻞ )ﻟﻤﺘﻐﻴﺮات اﻟﻤﺮﺗﺒﻄﺔ ﺑﻌﻴﻨﺔ اﻟﺪراﺳﺔ      إﺷﺘﻤﻞ اﻹﻃﺎر اﻟﻨﻈﺮي ﻋﻠﻰ ﻋﺪد ﻣﻦ ا
ات ﺻﻠﺔ و ﻋﻠﻰ ﻣﺘﻐﻴﺮات ذ( ﻣﺴﺘﻮى اﻟﺘﻌﻠﻴﻢ، اﻟﻤﻬﻨﺔ، ﻣﻠﻜﻴﺔ اﻷرض، اﻟﻘﺒﻴﻠﺔ، اﻟﻌﻤﺮ،ﺣﺠﻢ اﻷﺳﺮة
ﺑﺎﻷﺣﻮال اﻟﺒﻴﺌﻴﺔ واﻹﺟﺘﻤﺎﻋﻴﺔ و اﻹﻗﺘﺼﺎدﻳﺔ ﻗﺒﻞ و ﺑﻌﺪ ﻗﻴﺎم ﻣﺸﺮوع اﻟﺴﺪ ﻣﻮﺿﻮع اﻟﺪراﺳﺔ ﻣﻦ 
أﺟﻞ اﻟﻤﻘﺎرﻧﺔ ﺑﻬﺪف ﺗﺤﺪﻳﺪ ﻣﻌﻨﻮﻳﺔ اﻷﺧﺘﻼف ﻣﻦ ﺣﻴﺚ ﻣﺴﺎﺣﺔ و إﻧﺘﺎج و إﻧﺘﺎﺟﻴﺔ اﻟﻤﺤﺎﺻﻴﻞ وﺣﺠﻢ 
  اﻧﻲ واﻟﺜﺮوة اﻟﺤﻴﻮاﻧﻴﺔ اﻟﻤﻤﻠﻮآﺔ ﻷﺳﺮ أﻓﺮاد اﻟﻌﻴﻨﺔ، و اﻟﺪﺧﻞ ﻣﻦ اﻹﻧﺘﺎج اﻟﻨﺒﺎﺗﻲ و اﻟﺤﻴﻮ
ﻣﺜﻞ ﻧﺸﻮب اﻟﺤﺮاﺋﻖ و ﻗﻄﻊ ) آﺜﺎﻓﺔ اﻟﻨﺒﺎﺗﺎت و اﻷﺷﺠﺎر اﻟﺮﻋﻮﻳﺔ؛ و اﻟﻨﻮاﺣﻲ اﻷﻣﻨﻴﺔ 
  . ، و ﻣﺪة اﻟﻬﺠﺮات اﻟﻤﻮﺳﻤﻴﺔ ﻷﻓﺮاد أﺳﺮ اﻟﻤﺒﺤﻮﺛﻴﻦ(اﻷﺷﺠﺎر  و ﺳﺮﻗﺔ اﻟﺤﻴﻮاﻧﺎت
ﻓﻴﻬﺎ أﺳﺘﻌﻴﻦ      ﺗﻢ ﺟﻤﻊ اﻟﺒﻴﺎﻧﺎت اﻷوﻟﻴﺔ ﻟﻠﺪراﺳﺔ ﻋﻦ ﻃﺮﻳﻖ اﻟﻤﻘﺎﺑﻼت اﻟﺸﺨﺼﻴﺔ اﻟﺘﻲ 
أهﻤﻬﺎ  اﻟﺪراﺳﺔ، و ﺗﻢ ﺟﻤﻊ اﻟﺒﻴﻠﻨﺎت اﻟﺜﺎﻧﻮﻳﺔ ﻣﻦ ﻣﺼﺎدر ﻣﺨﺘﻠﻔﺔ ﻏﺮاضﻷﺑﺈﺳﺘﺒﻴﺎن ﺷﺎﻣﻞ أﻋﺪ 
  اﻹﻟﻜﺘﺮوﻧﻴﺔوﺗﻢ إﺳﺘﺨﺪام اﻟﺤﺰﻣﺔ اﻹﺣﺼﺎﺋﻴﺔ. اﻟﺘﻘﺎرﻳﺮ اﻟﺮﺳﻤﻴﺔ ﻟﻮزارة اﻟﺰراﻋﺔ ﺑﻮﻻﻳﺔ اﻟﺨﺮﻃﻮم
و ( ت)ﺗﺤﻠﻴﻞ اﻟﺒﻴﺎﻧﺎت ﻹﻋﺪاد ﺟﺪاول اﻟﺘﻮزﻳﻊ اﻟﺘﻜﺮاري و إﺟﺮاء إﺧﺘﺒﺎرات ﻓﻲ ﻟﻠﻌﻠﻮم اﻹﺟﺘﻤﺎﻋﻴﺔ 
ﻓﻲ ﺿﻮء اﻹﻃﺎر اﻟﻨﻈﺮي و ذﻟﻚ ﻌﻨﻮﻳﺔ اﻹرﺗﺒﺎط ﺑﻴﻦ اﻟﻤﺘﻐﻴﺮات اﻟﻤﺨﺘﻠﻔﺔ ﺗﺤﺪﻳﺪ درﺟﺔ و ﻣ
  .ﻟﻠﺪراﺳﺔ
أوﺿﺤﺖ ﻧﺘﺎﺋﺞ اﻟﺘﺤﻠﻴﻞ اﻹﺣﺼﺎﺋﻲ وﺟﻮد ﻓﺮوﻗﺎت ﻣﻌﻨﻮﻳﺔ ﺑﻴﻦ اﻟﻔﺘﺮة اﻟﺘﻲ ﺳﺒﻘﺖ ﻗﻴﺎم      
و اﻟﻔﺘﺮة اﻟﺘﻲ ﺗﻠﺖ ﻣﻦ ﺣﻴﺚ إﻧﺘﺎﺟﻴﺔ ﻣﺤﺼﻮل اﻟﺬرة و ﺗﻌﺪاد اﻟﺜﺮوة اﻟﺤﻴﻮاﻧﻴﺔ  ﺳﺪ وادي أﺑﻮ ﺳﻮﻳﺪ 
آﻤﺎ أوﺿﺤﺖ ﻧﺘﺎﺋﺞ اﻟﺘﺤﻠﻴﻞ اﻹﺣﺼﺎﺋﻲ .  و ﺗﺴﻮﻳﻖ اﻟﺤﻴﻮاﻧﺎت اﻟﺤﻴﺔﻳﻖ اﻷﻟﺒﺎنو إﻧﺘﺎﺟﻴﺔ و ﺗﺴﻮ
 ﺑﻌﺪ ﻗﻴﺎم  أﺣﻮال اﻟﻤﺮاﻋﻲ ﺑﺎﻟﻤﻨﻄﻘﺔ و زﻳﺎدة أﻋﺪاد اﻟﻨﺒﺎﺗﺎت و اﻷﺷﺠﺎر اﻟﺮﻋﻮﻳﺔ، ﻓﻲﺗﺤﺴﻦﺣﺪوث 
 ﺑﺴﺒﺐ  اﻟﻌﺪار و اﻟﺒﻮدة اﻟﺘﻲ ﺗﺆﺛﺮ ﺳﻠﺒًﺎ ﻋﻠﻰ إﻧﺘﺎﺟﻴﺔ اﻟﺬرةت ﻏﻴﺮ أﻧﻪ ﻗﺪ ﺗﻜﺎﺛﺮت أﻋﺪاد ﻧﺒﺎﺗﺎ،اﻟﺴﺪ
ﻋﻠﻰ اﻷراﺿﻲ اﻟﻤﻨﻄﻘﺔ اﻟﻮاﻓﺪة ﻣﻦ ﺧﺎرج  اﻟﻤﺠﺎورةو اﻳﻀًﺎ ﺗﻌﺪي ﺑﻌﺾ اﻟﻘﺒﺎﺋﻞ اﻟﺮﻋﻮﻳﺔ، ﺴﺪﻗﻴﺎم اﻟ
  .  اﻟﺘﻲ ﻧﺘﺠﺖ ﻋﻦ ﻗﻴﺎم اﻟﺴﺪﺎﻟﺒﺔاﻟﺰراﻋﻴﺔ و اﻟﺮﻋﻮﻳﺔ ، و هﺬﻩ ﻣﻦ اﻵﺛﺎر اﻟﺴ
 وادي ﻤﺘﻌﻠﻘﺔ ﺑﺎﻟﺼﻴﺎﻧﺔ اﻟﺪورﻳﺔ ﻟﺴﺪاﻟﻔﻨﻴﺔ اﻟﻤﺸﺎآﻞ اﻟ  ﺑﻌﺾ     ﻟﻘﺪ ﺗﺒﻴﻦ ﻣﻦ اﻟﺪراﺳﺔ وﺟﻮد
و ﻟﻘﺪ ، اﻟﻤﺮﺗﺒﻄﺔ ﺑﻪ ﻠﻨﺸﺎﻃﺎتﻟ ﻠﻤﺘﺎﺑﻌﺔ اﻟﻤﺴﺘﻤﺮة ﻣﻦ ﺟﻬﺎت اﻹﺧﺘﺼﺎصﻟﻏﻴﺎب آﺬﻟﻚ  و أﺑﻮ ﺳﻮﻳﺪ
  .ﻟﺒﻌﺾ اﻷراﺿﻲ اﻟﺰراﻋﻴﺔ اﻟﺘﻲ ﻏﻤﺮﺗﻬﺎ ﻣﻴﺎﻩ اﻷﻣﻄﺎرﺪان اﻟﻤﺰارﻋﻴﻦ أدى ذﻟﻚ ﻟﻔﻘ
ﺗﻄﻮﻳﺮ و  و و ﻏﻴﺮﻩ ﻣﻦ اﻟﺴﺪود     أوﺻﺖ اﻟﺪراﺳﺔ ﺑﺎﻟﺼﻴﺎﻧﺔ اﻟﻤﺴﺘﻤﺮة ﻟﺴﺪ وادي اﻟﺴﻮﻳﺪ
 ﻋﻦ ذﻟﻚو ، ﺑﺎﻟﻤﻨﻄﻘﺔﺔ اﻟﺤﻘﻠﻴ إﻧﺘﺎج اﻟﻤﺤﺎﺻﻴﻞاﻧﻲ وﻧﺘﺎج اﻟﺤﻴﻮﻹاو اﻟﻤﺮاﻋﻲ ﺤﺴﻴﻦﻣﺞ ﺗا ﻣﺘﺎﺑﻌﺔ ﺑﺮ
ﻌﻴﻨﺎت اﻟﻤﺤﺴﻨﺔ و ﺗﻜﺜﻴﻒ اﻟﺒﺮاﻣﺞ اﻹرﺷﺎدﻳﺔ اﻟﻤﺘﻜﺎﻣﻠﺔ ﻣﻊ ﺗﻘﺪﻳﻢ اﻟﺨﺪﻣﺎت اﻟﻔﻨﻴﺔ و اﻟل  إدﺧﺎﻃﺮﻳﻖ
 اﻟﻤﺴﺘﺪام  و اﻹﺳﺘﺨﺪامإﺳﺘﺨﺪام أﺳﻠﻮب اﻟﻤﺸﺎرآﺔ اﻟﺸﻌﺒﻴﺔ و ﺑﻨﺎء اﻟﻘﺪرات آﺂﻟﻴﺔ ﻟﺘﺤﻘﻴﻖ اﻟﺘﻨﻤﻴﺔ
  .ﻟﻠﻤﻮارد اﻟﻄﺒﻴﻌﻴﺔ ﺑﺎﻟﻤﻨﻄﻘﺔ
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Chapter One 
 
INTRODUCTION 
 
1.1 Background: 
Sudan is the largest country in Africa, and most of its area is part 
of the Sudano-Sahelian ecological zone which has been seriously 
affected by drought and desertification, especially during the past two 
decades. The problems of drought and desertification in Sudan are mostly 
confined to the northern states which receive low rainfall. 
The amount and distribution of rainfall in Sudan is characterized 
by consistent marked variations. Rainfall amount ranges between over 
2000 mm in parts of the southern states to only 200 mm (or less) in parts 
of the north.  
Most of the economically active members of the population in 
Sudan are engaged in farming and pastoral activities which constitutes 
the major forms of land use in the country.  They depend for food 
security mainly on rain-fed agriculture which is practiced in over 90 
percent of the cultivated area of the country, which is estimated to be 
about 20 million hectares. 
Most of the marginal land areas of Sudan which are used for 
agricultural production are located in the arid and semi arid belts, where 
rainfall is irregular and relatively scarce.  
  
1.2 Statement of the problem: 
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Khartoum State is one of the thirteen states of Sudan which are 
affected by desertification.  Several environmental conservation and 
natural resource management projects were formulated and implemented 
by the Khartoum State’s Ministry of Agriculture, Animal Resources and 
Irrigation to combat desertification, of which are water harvesting and 
spreading projects in lands used for rain fed crop production and grazing 
by agro-pastoral population groups. 
Water harvesting is considered to be the most effective means for 
utilizing and conserving the rain waters that are carried to the Nile by 
seasonal streams.  The numerous seasonal water beds or wadies of 
Khartoum State (such as Wadi Abu Soueid, Wadi Elmugaddam and 
Wadi Soba) are assumed to constitute suitable sites for the 
implementation of feasible water harvesting projects for improving and 
rehabilitating grazing and rain-fed agriculture systems of the local 
population. Few such projects were implemented for realizing that 
objective.  However, no systematic studies have been conducted to assess 
the effectiveness of the water harvesting and spreading techniques that 
were employed, or to assess their environmental and socio-economic 
impacts. 
The present study is designed to focus on assessment of the 
environmental and Scio-economic impacts of one of the water harvesting 
and spreading projects of Khartoum State, namely the Abu Soueid Water 
Spreading Project, as a case study. 
 
1.3 Objectives of the study: 
The study is intended to achieve the following main objectives: 
1. To assess the contribution of Wadi Abu Soueid water 
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spreading project to desertification control in the area. 
2. To assess the impact of Wadi Abu Soueid water spreading 
project on the socio-economic conditions of the target 
population. 
Specifically the study is designed to assess the impact of Wadi 
Abu Soueid water spreading project on: 
1. the natural vegetation, 
2. arable land development, 
3. livestock management and animal production, 
4. security of the local population, and 
5. pattern of population movement. 
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Chapter Two 
 
THE ABU SOUEID WATER SPREADING PROJECT 
 
The purpose of this chapter is to give a background description of 
the Wad Abu Soueid water spreading project area which constitutes the 
site of the research conducted for this thesis. 
 
2.1 Location: 
The Wadi Abu Soueid Water Spreading Dam Project commands 
part of the dry land areas of Khartoum State which are located between 
latitudes 15˚ 35˝ and 15˚ 41˝ N, and longitudes 33˚ 32˝ and 33˚ 36˝ E, 
about 125 Kilometers due East and South-East from the junction of Blue 
and White Nile rivers at Khartoum, the Capital of the State. 
The project, which was established by the State’s Ministry of 
Agriculture in 1997, involved the construction of two earthen 
embankments (each of about 4 kilometers in length) to intercept the 
waters of Wadi Abu Soueid. with the aim of spreading rain water over an 
area of about 64 square Kilometers or about 15,220 feddans (one feddan 
= 4200 m2)  
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2.2 Topography: 
The physical features of the area commanded by Abu Soueid Dam 
are typical of the Butana landscape.  Land is generally flat with a gentle 
slope towards the Blue Nile River. It constitutes a watershed 
characterized by the presence of a main water course (Wadi Abu Soueid) 
which flows from Abu Delaig Hills in the North East toward the Blue 
Nile. There are no hills in the waterbed, except for some scattered sand 
hummocks and dunes.  Small streamlets during the rainy (Kharif) season 
join to form the Wadi Abu Soueid watercourse or wadi. The flow of this 
wadi lasts for up to 6 months, depending upon the amount and duration 
of rainfall in the area. 
 
2.3 Climate: 
The Abu Soueid area lies within the semi-desert ecological zone.  
It receives an average mean annual rainfall ranging between 139 and 159 
mm.  Rainfall is a decisive climatic factor from an agronomic point of 
view and for the natural vegetation as well. The success of water 
spreading projects depends on the amount of the rainfall received in the 
targeted area. The rainfall figures released by Khartoum Meteorological 
Station for the period form 1970 to 2003 are shown in Table 1. 
 
2.4 Soils:  
According to Saeed (1968), “The soils of Khartoum State are 
formed of geological drifts that were subjected to alterations by climate 
and topography to various degrees, depending on their textures and 
compositions.”  In Wadi Abu Soueid, the prevalent soil type is clay loam. 
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Its moisture retention capacity is high, and that is why it is considered to 
be the best soil for successful application of water spreading systems. 
 
2.5 Natural vegetation: 
The whole area of Khartoum State falls in semi-desert ecological 
zone. The dominant woody species in this zone are: Acacia mellifera 
(Kitir), Merua crassifolia (Sarih), Acacia tortilis (Seyal),  
 
Table 1 
Amount of annual rainfall in Khartoum State  
1970-2003 
 
Year 
Rainfall
in mm Year
Rainfall
in mm
 
1970 97.6 1987 115.6
1971 120.5 1988 406.5
1972 133.6 1989 79.8
1973 174.7 1990 4.4
1974 86.0 1991 44.9
1975 103.0 1992 149.3
1976 178.0 1993 39.8
1977 166.0 1994 232.6
1978 133.0 1995 195. 0
1979 100.0 1996 199.3
1980 96.3 1997 141. 0
1981 141.1 1998 110.7
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1982 102.7 1999 130.6
1983 83.4 2000 60.0
1984 5.00 2001 127.8
1985 38.8 2002 74.0
1986 57.00 2003 154.0
 
Source: Khartoum Meteorological Station  
 
 
Acacia ehrmbergians (Salam), and Ziziphus spina christi (Seder). These 
are dominant in low-lying sites of the wadies.  Calotropis procera and 
Acacia Nubica (indicators of vegetation degradation) are prevalent in 
certain areas. 
The ground flora of the area is dominated by the perennial drought 
tolerant Pamicum turgidum, Cenchrus ciliaris (Huskanit), and Euphoris 
aegyptica. These provide valuable grazing for camels and small 
ruminants.  Aristids spp are dominant on clay soil. 
 
2.6 Demography: 
The population is composed of Arab tribes, mainly Batahin (the 
dominant tribe), Hassania, Ahamda, Kababish, Massalamia and 
Bedderia. 
The tribes have never experienced conflicts on land or pasture. The 
community members are leading a very peaceful life and live together in 
harmony. 
 
2.7 Production systems: 
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2.7.1 Animal Husbandry 
2.7.1.1 Animal types: 
Raising animals of different types was the main occupation 
in the study area, but the successive years of drought caused 
many people to lose their livestock. The reared animals in 
the area are cattle, camels, sheep, goats and donkeys (as 
means of transport), in addition to poultry which is regarded 
as women’s business.  
 
 
 
2.7.1.2 Animal population: 
Khartoum state is endowed with considerable animal 
resources. The estimates of the populations of the different 
animal types released by the Ministry of Agriculture, 
Animal resources and Irrigation are shown in Table 2. 
 
2.7.1.3 Nomadic pastoralism: 
Nomadic pastoralism is practiced by Butahien camel 
breeders (or abbala) in small scale. They move between 
their dar and western part of the Butana plain. 
 
2.7.1.4 Agro-pastoralism: 
This is performed by most of the tribes in study area, 
who practice agriculture and livestock raising  
 
2.7.1.5 Sedentary production: 
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This engaged in by villagers who practice agriculture 
and keep small ruminants and cattle form household 
subsistence purposes. 
 
2.7.1.6 Marketing of animals and animal products:  
Animals are sold alive for beef and mutton purposes 
locally and in Khartoum State’s urban markets. Milk is sold 
in the local markets, but in most cases taken to Khartoum. 
When the quantity of milk is abundant it is marketed 
privately, but when milk production declines group 
marketing is employed. 
 
 
 
 
Table 2 
Livestock population in Khartoum State 
 
 
Livestock Type Number
 
Cattle  193,000
 
Sheep 420,000
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Goats 589,600
 
Camels 5,256
 
Donkeys and Horses 30,000
 
Total 
 
1,237,856
 
Source: Ministry of Agriculture, Khartoum State, 2000  
 
 
 
 
2.7.2 Cultivation: 
2.5.2.1 Cultivated crops: 
Cultivation is subsistence-oriented. Two indigenous 
varieties of low yielding dura (sorghum) varieties are 
cultivated without any fertilizer application.  However, the 
soil gets fertilized naturally from animal droppings because 
grazing of crop residues is practiced after dura harvest. The 
dura stalks are conserved to feed livestock in the dry season. 
Minor crops, such as watermelon, cucumber, okra, and 
kerkadeh are sometimes grown.  
 
2.8 Land tenure: 
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The land is owned by the government, but community 
members have recognized land use rights.  The area cultivated by 
the individual farmer ranges between 5 and 15 feddans. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Chapter Three 
 
LITERATURE REVIEW 
 
3.1 Introduction: 
 This chapter includes a selective review of the literature on the 
concepts of desertification and water harvesting and spreading 
techniques, and their role in combating desertification and facilitating 
sustainable use of natural resources in areas vulnerable to desertification. 
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3.2 The concept of desertification  
Lean (1995) views desertification as a major socio-economic 
environmental problem facing the people in the dry lands of the world. 
According to the definition passed by the United Nation Conference on 
Environment and Development (UNCED, 1992), which was held in Rio 
de Janeiro, desertification is “land degradation in arid, semi-arid and dry-
sub humid areas resulting from various factors including climatic 
variations and human activities.”  UNEP (1997) accepted the definition 
of desertification as “a consequence of people’s efforts to use natural 
resources in environments that are highly susceptible to natural 
variability.” 
In Sudan, the Soil Conservation Committee (1944) concluded that 
“the soil deterioration that occurred might safely be attributed to man and 
animals rather than to any change in climate.”  NDDU (1999) suggested 
that “in Sudan, the general awareness of desertification can be traced 
back to the early 1944 when a group of scientists and government 
officials raised a report calling for need of fighting desert creep through 
controlling the misuse of natural resource."  DECARP (1976) highlighted 
the problem of desertification in Sudan and pointed to the seriousness of 
the situation by stating that “desert encroachment is a serious problem in 
Sudan, threatening all Nile irrigation schemes, 2.5 million feddans of 
pump irrigated areas, 7 million feddans of mechanized crop farming 
areas, 75% of World’s gum Arabic production, pasturage for about 10 
millions livestock units and vast areas of woodlands.” DECARP (1976) 
further noted that: 
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Surveys have shown that the desert had advanced 90-100 
Km within a 17-year period and is currently advancing at the 
rate of 5 to 6 Km per year. 
The outlook for the future is serious if corrective action is  
not soon undertaken  the whole area will become desert .The 
highly productive southern savannah region and the Butana  
area east of the Nile will also become desert.  In fact 
desertification is already taking place in these areas because 
of increase in human activities.  
 
Desertification and land degradation are terms that are used to 
mean the gradual decline of productivity in soil and vegetation in dry 
land areas due to processes such as soil erosion and declining soil 
fertility. Human activities and climatic variation both have an important 
impact on dry land conditions. 
 
3.3  Causes of desertification: 
Grainger (1990), as cited by Barraclough (1995), concluded that 
“desertification has four direct causes; overcultivation, overgrazing, 
deforestation and mismanagement of irrigated cropland. These do not 
occur by accident, but are greatly influenced by the effects of growing 
populations, economic development and conscious policy decisions by 
governments and aid agencies.”   
3.4 Impacts of Desertification: 
According to Mustafa (2004): 
It is well established that desertification processes cause 
reduction of biological and economic productivity, socio-
economic deterioration, environmental degradation and 
consequent degradation of the quality of life. 
In the Sudan, biological degradation is reflected in reduction of 
crop yield, biomass production in rangelands, woody mass and 
surface and ground water resources. Sand encroachment on the 
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River Nile in the north, on productive first terrace alluvial soils, 
on villages and infrastructures are additional manifestations of 
land degradation.  While poverty is the root cause of 
desertification in Sudan, desertification accentuates poverty and 
creates a vicious circle, which commences with poverty leading 
to desertification, and ends with more poverty. 
Furthermore, desertification causes economic instability and 
political unrest through tribal conflict over scarce rich range land, 
crop land, and water resources. Desertification also prevents 
sustainable development in affected countries, causes 
environmental migration, and threatens the health status of the 
local communities, particularly children.  
 
The National Drought and Desertification Unit in Sudan (NDDU, 
1999) suggested that “the main socio-economic effects of desertification 
are the migration in search of water for man and livestock, cultivable 
land and forage for the inhabitants’ livestock. Absence of any or all of 
these would lead to poverty and misery of the population with all the 
socio-economic consequences and migration to urban areas.”  
NDDU (1999) also observed that “Frequent drought, and low 
rainfall for successive years, has been prevalent in recent years. The 
Sudan has therefore experienced great food shortage and even famine in 
some regions. A clear deficit between production and consumption was 
then apparent in the eighties and hence external aid was inevitable.”  
 
3.5 Water harvesting for combating desertification: 
Leeuwen (2003) observed that because of pressure on land, “more 
and more marginal areas in the world are being used for agriculture. 
Much of this land is located in the arid or semi-arid belts where rainfall is 
irregular and at the same time 70% to 80% of rainfall is lost through 
evaporation, run-off and deep infiltration.” Water harvesting as a means 
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for conserving water resources can play a substantial role in combating 
desertification and sustaining use of land resources. 
 
3.5.1 Concept of water harvesting: 
According to Boers (1994), “Rainwater harvesting is defined as a 
method for inducing, collecting, storing, and conserving local 
surface runoff for agriculture in arid and semi-arid regions.” 
According to Critchley et al. (1991): 
Water harvesting (WH) can be considered as a rudimentary 
form of irrigation. The difference is that with WH the farmer 
(or more usually, the agro-pastoralist) has no control over 
timing. Runoff can only be harvested when it rains. In 
regions where crops are entirely rainfed, a reduction of 50% 
in the seasonal rainfall, for example, may result in a total 
crop failure. If, however, the available rain can be 
concentrated on a smaller area, reasonable yields will still be 
received. Of course in a year of severe drought there may be 
no runoff to collect, but an efficient water harvesting system 
will improve plant growth in the majority of years.  
 
3.5.2 Historical perspectives of water harvesting: 
Various forms of water harvesting have been used 
traditionally throughout the centuries.  According to Evanri et al. 
(1971) water harvesting system dating back 4000 years or more 
have been discovered in the desert of Israel. 
Zaunder and Hutchinson (1988) reported that “flood water 
farming has been practiced in the area of Arizona and north west 
New Mexico for at least 1000 years.” 
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Pacey and Callis (1986) described micro-catchment 
techniques for trees growing used in southern Tunisia by which 
“flood water is impounded behind earth bunds, and crops then 
planted into residual moisture when the water infiltrates.” 
According to Critchley and Reij (1989) “the importance of 
traditional, small-scale systems of water harvesting in Sub Saharan 
Africa is just beginning to be recognized and simple stone lines are 
used for example, in some west African countries ,notable Burkia 
Faso and earth bunding system are found in eastern Sudan and 
central range lands of Somalia.” 
 
3.5.3 Classification of water harvesting: 
Reij et al.(1988) concluded that the classification of water 
harvesting is as varied as terminology. 
Burins et al. (1986) classified water harvesting techniques 
according to geomorphology as follow: 
1. Micro-catchment systems: which have catchments less than 
100m from the run-on. 
2. Terraced wadi system: This involves building of low check 
dams across a wadi to enable the water to be stored in the 
soil. 
3. Liman system: A check dam of stone or earth built in the 
land to retain water form the wadi and spill way regulates 
the levels of water to prevent destruction. 
4. Diversion system: Run off waters in a wadi raised by 
structures built and diverted   on to adjacent fields. 
5. Hillside conduit system: water is harvested on the middle or 
 28
upper of hillside slope and diverted by means of conduit 
channels to field or storage reservoirs. 
 
3.6 Water spreading technique: 
Water spreading, known as flood irrigation or spate irrigation, is 
simple type of water harvesting where cultivated area lie within and 
immediately adjacent to an ephemeral stream or wadi. 
Critchley et al. (1991) wrote that “the major characteristic of water 
spreading bunds is that, as their name implies, they are intended to spread 
water, and not impound it, they are usually used to spread flood water 
which has either been diverted from water course or has naturally spilled 
onto flood plain . The bunds, which are usually made of the earth slow 
down the flow of flood water and spread it over the land to be cultivated, 
thus allowing it to infiltrate.” 
Oweis et al. (2001) noted that “the water–spreading technique is 
also called floodwater diversion and entails forcing part of the Wadi flow 
to leave its natural course and then conveying it to nearby areas, where it 
is applied to support the crops already growing there, this water is stored 
solely in the root zone of the crops. That is, it supplements rainfall.” 
Leeuwen (2003) observed that “in many areas of the Arabian 
Peninsula, direct use of flood water for irrigation or ground water 
recharge is small compared to the amount of available surface run-off. 
Also it involves the use of small cultivated basins adjacent to the main 
wadi channel where flood water is diverted to meet crop water 
requirements.” 
Excess water percolates into shallow ground water alluvial aquifer. 
This method is used in Saudi Arabia, Yemen, Oman, and United Arab 
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Emirates. In the Red Sea Province of eastern Sudan, traditional water 
spreading schemes are being rehabilitated and improved under the 
technical guidance of the Soil Conservation Administration .In this semi-
desert region natural flooding in wadi beds is the traditional site for 
cropping of sorghum by the semi-nomadic population. 
 
3.7 Characteristic of water harvesting:  
According to Boers and Ben-Asher (1982): 
• Water harvesting is adopted in semi–arid and arid regions where 
run off have an intermittent character.  
• Water harvesting is based on the water utilization of surface 
runoff. 
• Water harvesting system uses water only near where it falls.  
 
3.8 Socio-economic and Environmental Aspect of water 
harvesting: 
 
3.8.1 General: 
Bazz and Tayaa (1994) observed that “many water 
harvesting techniques have failed despite good techniques and 
design; because the social, economic and management factors were 
inadequately integrated into the development of the system .On the 
other hand the environmental impacts have been overlooked.” 
3.8.2 Socio-economic considerations: 
Oweis et al. (1999) reported that “one condition for the 
success of water harvesting techniques is the acceptance by the 
resource users (male and female farmers ).The chances for success 
are much greater if they are involved from the early planning 
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stages onwards. However, the risk levels and profit potential for 
investment of labor and other inputs must also be acceptable.” 
 
3.8.3 Environmental Issues: 
Oweis et al. (1999) pointed that “dry ecosystem are 
generally fragile and have a limited capacity to adjust to change. If 
the use of the natural resources, especially land and water, is 
suddenly changed, for example, by the introduction of water 
harvesting technique, the environmental sequences are often far 
greater than foreseen.” 
 
3.9 Crop production aspects of water harvesting: 
Critchely et al. (1991) reported that “water harvesting helps 
crops by providing extra moisture at different stage of growth – 
although timing can not be controlled. Periods when the extra 
moisture can make a significant difference are around sowing time 
when germination and establishment can be improved, during a 
mid- season dry spell when a crop can be supported until the next 
rains, while the crop is at the vital stage of flowering and grain 
fill.” 
 
 
 
3.10 Water spreading importance for rangeland: 
Darag (1999) reported that dams or diversion dikes built to spread 
water over depleted range land are the most important water spreading 
techniques for rangeland improvement and rehabilitation through the 
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application of adequate management system. Water spreading provides 
quantity and quality vegetation which is used as forage by both livestock 
and wildlife species.  Stoddart et al. (1975) reported that “forage increase 
of 35% had been noted in areas in Montana as a result of spreader 
construction.”  
 
3.11 Agricultural importance of water harvesting: 
According to MAF (2001), the agricultural importance of 
water harvesting can be summed up in the following: 
1. It expands useable arable lands. 
2. It develops natural and animal resources. 
3. It increases productivity of the land in rural area. 
4. It protects soil from erosion. 
5. It extends the agricultural season in arable areas from 3 to 5 
month. 
 
3.12 Economic importance for water harvesting: 
According to MAF (2001), the economic importance for water 
harvesting can be summed up in the following: 
1. To ensure food security by increasing land productivity. 
2. To increase farm income by expanding the areas under crops. 
3. To achieve self sufficiency in cereal crops in rural areas 
4. Increase income in rural areas. 
 
3.13 Environmental importance of Water harvesting: 
According to MAF (2001) the environmental importance of water 
harvesting can be summed up in the following: 
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1. To achieve environmentally balanced resource development 
2. To eliminate flood hazards in rural and urban areas 
3. To improve the weather in cities and urban areas 
4. To develop wildlife resources as a means for encouraging 
tourism 
3.14 Advantages of water harvesting: 
According to MAF (2001), the advantages of water harvesting can 
be summed up in the following: 
1. Low cost of construction. 
2. Ease of establishment. 
3. Increase of investment opportunities. 
4. Availability of alternative techniques for employment under 
different conditions 
 
3.15  Disadvantages of water harvesting:  
According to MAF (2001), the disadvantages of water harvesting 
can be summed up in the following: 
1. After any running surface the system will be destroyed. 
2. The water quantity changes from year to year. 
3. Negative effects on soil texture due to prolonged submerging 
with water. 
4. Silt sediment which decrease water impound. 
5. The dams will be facing water erosion. 
6. Need for annual maintenance and reconstructions. 
 
 
3.16 Water harvesting and food security: 
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The FAO (2003) reported that “water and food security are closely 
related. Agriculture is by far the biggest user of water, accounting for 
about 69 percent of all withdrawals worldwide and over 80 percent in 
developing countries.  If water is a key ingredient in food security, lack 
of it can be major cause of famine and undernourishment, particularly in 
food-insecure rural areas where people depend on local rain fed 
agriculture for food and income generation.”  The FAO (2003) also 
pointed to that “even where overall water availability is adequate, erratic 
rainfall can cause both short-term food shortages and long-term food 
insecurity.”  
Leeuwen (2003) said that “rain-fed agriculture covers 80% of the 
cultivated area and produces 60% the of the food crops….While at the 
same time 70% to 80% of the rain fall is lost through evaporation, run-off 
and deep infiltration.” FAO (2000) reported that “the actual net potential 
arable land in Sub Saharan Africa is estimated at 10.5 million Km out of 
which more than 9 million of is classified as dry land .Only 15% of the 
potential arable land was actually in use in 1994.”  
FAO (2002) advocated the “development of water harvesting 
techniques to make maximum use of the limited rainfall to increase 
production of food crops and increase food security.” 
 
3.17 Water harvesting and Poverty Alleviation: 
World Bank (1996) reported that “poverty is one of the main 
factors explaining environmental degradation in Africa. For example, 
migration to coastal areas of west Africa by people seeking employment, 
resulting in increased population densities, has stressed the natural 
resource base.”  
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FAO (2002) reported that “agricultural growth in Sub-Saharan 
Africa countries slightly increased over the past three decades, although 
not in line with high population growth rate. Food production per capita 
in Sub-Saharan Africa has declined since in 1970s, contrast with increase 
in Asia and South America. We say that the problem of food security was 
major concern in the world since early Seventies.”  
FAO (1996) reported that “in most developing countries the 
percentage of hungry people has decreased. However, the number of 
hungry people has still increased because of population growth. The 
progress in reducing the number of hungry people is much too slow to 
reach the goal established by the World Food Summit (WFS) in 1996 to 
halve their number by 2015.”  Also FAO (1996) added that “35% of 
population was chronically undernourished in Sub-Saharan Africa 1990 –
1992, versus 21% in all developing countries.” 
Large–scale irrigation is not always available or desirable option in 
areas including much of Africa.  Rainfall patterns and the geology of 
river basins preclude cost-effective irrigation. There is now increasing 
interest in a low cost alternative, generally referred to as water 
harvesting.  
Leeuwen (2003) wrote that “development of water harvesting 
techniques can retain the rain water on the land and make it available to 
the crops .The risk of crop failures will sharply decrease and farmers will 
be able to get out of poverty trap.” 
 
3.18  Water harvesting and combating desertification: 
Critchley and Reij (1989) noted that “a number of water harvesting 
projects have been set up in Sub-Saharan Africa during the past decade. 
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Their objectives have been to combat the effects of drought by improving 
plant production and in certain areas rehabilitation of abandoned and 
degraded land.”  
In Elodaya project, according to Darag (1999), “check dams were 
constructed across gullies for soil conservation within the red compacted 
non cracking clay soil (Hamaraya soil), cheap materials such as rocks, 
dead wood and sacks full of soil were used in gully erosion control.”  
Also Darag (1999) observed that “dams or diversion dikes were 
constructed across water ways (Wadies) to spread water over depleted 
rangeland for improvement using direct seeding of forage seed .This 
technique usually improve soil moisture condition for better 
establishment of seeds  
Also in Elodaya project there are many new watering points 
(Hafir) type of water harvesting, were established in the surrounding 
villages to alleviate the heavy pressure exerted on Elodaya town water 
resources. The efforts made in this concern were concentrated in area 
which naturally lacks permanent water sources and also characterized by 
having good natural resources potential. 
 
3.19  Water harvesting and livestock production: 
AOAD (2001) reported that (statistic of live-stock population in 
country amount to almost 58 million animal units (AU), 90% of currently 
owned by the pastoral nomads who depend entirely on the range land for 
live-stock production. 
This system currently provides all the meat for local consumption 
and for export, the live-stock production under this system contributes to 
almost 20-25% of the country total GNP). 
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Also nomads used to graze their animals on dura stalks after the 
harvest of the crops. 
Degradation of pasture would definitely reduce the sustainable 
stocking rate. 
Rangeland is most vulnerable to desertification, if not properly 
managed, rehabilitated and improved. Water harvesting techniques 
increase soil moisture which is vital for developing and rehabilitating 
rangelands. 
 
3.20  The pastoral economy: 
Most of the livestock in Sudan is in the hand of nomadic and semi-
nomadic herdsmen. These groups nearly produce all locally consumed 
and exported meat, and most probably own all raised camels. 
In his evaluation of Gerih EL-Sarha settlement scheme, Amin 
(1984) stated that “nomads sold only livestock to satisfy their essential 
needs while the settled try to invest their animal wealth in trade activates. 
The average income of settlers is often more than of nomads.” 
Hussein (1988) concluded that, “In the traditional pastoral 
ecosystem, economic differentiation was slowed by the high degree of 
environmental risk and by lack of ways in which a pastoral surplus could 
be invested.” 
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Chapter Four 
 
METHODOLOGY 
 
This chapter describes the methodology that was employed in the 
study, including the research hypotheses that were formulated to guide 
data collection and analysis, the sample selection procedure, the methods 
of data collection, and the statistical techniques that were used in data 
analysis for assessing the environmental and socio-economic impacts of 
Wadi Abu Soueid Water Spreading Project. 
 
4.1 The study site: 
The Wadi Abu Soueid Water Spreading Project area of Khartoum 
State, as described in Chapter Two, constituted the site of the present 
study.  
 
4.2 The conceptual model:  
The conceptual model of the study is in the form of a set of 
hypotheses on the environmental and socio-economic impacts of the 
water harvesting and spreading project under investigation. Each of the 
stated hypotheses relates to a number of variables. 
 
4.3 The hypotheses: 
Seven principal hypotheses were formulated for testing as follows: 
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4.3.1 The water spreading technique has contributed to 
improvement in the natural vegetation cover of the area. 
 
4.3.2 The introduction of water spreading has contributed to 
improvement of pasture quantitatively and qualitatively. 
4.3.1 The water spreading project in Wadi Abu Soueid has 
contributed to increase in yield of field crops  
4.3.2 The introduction of water spreading has resulted into 
increased income form crop production  
4.3.3 The introduction of water spreading has improvement the 
quality and quantity of livestock in the area. 
4.3.4 The introduction of water spreading has resulted into 
increased income form animal production  
4.3.5 The introduction of water spreading has increased the 
feeling of security among the population served by the Abu 
Soueid Water Spreading Project. 
4.3.6 Improvement in crop production and natural pasture that 
was brought about by the water spreading project has resulted 
into decrease in duration of annual out migration from Wadi 
Abu Soueid area.  
 
4.4 The Variables and their operational definitions: 
Listed below are names of the variables that relate to the above-
stated hypotheses of the study, and their operational definitions. 
4.4.1 Family size: 
The number of respondent’s family members.  
4.4.2 Age: 
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Age of the respondent (in years) 
4.4.3 Formal education: 
Level of formal education of the respondent 
 
 
4.4.4 Employment: 
Type of income-generating employment engaged in by the 
respondent. 
 4.4.5 Farm size:  
Area of farm land possessed by the respondent (in feddans) 
4.4.6 Area under Dura: 
Land area cultivated with Dura (n feddans). 
4.4.7 Area under vegetables: 
Area cultivated with vegetable crops (in feddans). 
4.4.8 Area under watermelon: 
Area cultivated with watermelon (n feddans). 
4.4.9 Number of goats owned: 
Number of goats owned by household members 
4.4.10 Number of sheep owned: 
Number of sheep owned by household members 
4.4.11 Number of cattle owned: 
Number of cattle owned by household members 
4.4.12 .Number of camels owned: 
Number of camels owned by household members 
4.4.13 Number of donkeys owned: 
Number of donkeys owned by household members 
4.4.14 Income from sale of milk: 
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Cash returns from sale of milk in Sudanese Dinars 
4.4.15 Income from sale of live animals: 
Cash returns from live weight sales in Sudanese Dinars 
4.4.16 Number of month of annual out migration: 
Number of months per annum spent on temporary migration. 
 
 
4.5 Sample selection procedure and Sample size: 
The sample of respondents for the study was taken from five villages in 
Wadi Abu Soueid area (see Table 3) which were selected by means of a 
stratified random selection procedure in which stratification was 
based on distance from Khartoum city – the capital of Khartoum State. 
The sample was composed of 50 respondents selected by a quota 
sampling procedure for convenience.  
 
4.6 Methods of Data collection: 
The methods of data collection in this study included a 
reconnaissance survey, a questionnaire (used for conducting 
structured interviews with the study respondents), photographing, 
and the compilation of secondary data from available records. 
4.6.1 The reconnaissance survey: 
A reconnaissance survey was carried out to determine the 
study area and to collect some basic data for preparing the 
questionnaire. 
4.6.2 Questionnaire: 
The main data collection instrument used was a structured 
interview schedule (questionnaire) which was designed 
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according to the suggestions of the supervisor as well as to 
ideas of other experts in the field who assisted with the final 
formulation of the questionnaire. 
4.6.3 Photographing: 
Some plates were used to show the conditions of the area 
under study such as species of palatable plant, cultivated 
area and livestock grazing in the area. 
 
 
 
 
Table 3 
Names of villages in the sample 
 
Respondents Selected from Village 
 
 
Name of village  
Number 
Percent 
 (of total sample) 
 
Salamat Wad Nile  
 
15 
 
30 
 
Al Hidaibab  
 
15 
 
30 
 
Seyal Alfaki Saad  
 
08 
 
16 
 
Al Ahamda  
 
06 
 
12 
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Al Nikhaira 06 12 
 
Total 
 
50 
 
100 
 
 
 
 
 
 
 
4.6.4 Official Records and reports: 
Some data were obtained from local departmental records, 
including reports of information on the area, including 
estimates of human and livestock populations, cultivated 
areas, and crop yields. The data were closely examined to 
assess the effect of water spreading on socio-economic and 
environmental conditions of the area. 
 
4.7 Statistical Analysis:  
The electronic Statistical Package for the Social Sciences (SPSS) 
was used for data analysis. Analysis was conducted to generate 
descriptive statistics, frequencies, t-test statistics and correlation 
coefficients.  
 
4.8 Difficulties faced in data collection: 
1. The study site is located in a remote rural area, and the 
researcher was faced with problems of transportation. 
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2. The villages in the sample were isolated and households were 
found to be scattered and far away from each other. 
 
 
 
 
 
 
 
 
 
 
 
Chapter Five 
 
RESULTS AND DISCUSSION 
 
This chapter includes the results of analysis of data.  The contents 
are intended to give background information on the demographic 
characteristics of the population targeted by the Wadi Abu Soueid water 
spreading project (as represented by the sample), and to describe the 
variables that relate to the study hypotheses on the environmental and 
socio-economic impacts of rain water spreading in the study area . 
Frequency distributions, descriptive statistics, t-test results and 
correlations involving the selected variables are presented and discussed. 
 
5.1 Demographic characteristics: 
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5.1.1 Age:  
Table 4 shows that most of the respondents in the sample (about 73 
% of them) belong to the productive age group of 15 – 45 years. 
About 63 percent of the respondents are under 31 years of age. 
Thus the targeted population are predominantly young. 
 
5.1.2 Education level: 
Tables 5 and 6 reveal a relatively low rate of illiteracy among the 
respondents, compared to the population of rural areas in other 
states (only 37% of the respondents were found to be illiterate, 11 
% of the total sample had some Khalwa (Quranic School) 
education, and over 51 percent of the interviewees have acquired 
some primary school education. 
Table 4: Distribution of family members by age group 
Age Group Frequency Percent
<15 Years 53 12.74
15-30 Years 211 50.72
31-45 Years 91 21.87
46-60 Years 38 9.14
>60 Years 23 5.53
Total 416 100.00
 
 
 
Table 5: Distribution of family members by level of education 
Education level Frequency Percent 
Illiterate  152 36.55 
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Khalwa 046 11.05 
Primary 193 46.39 
Secondary 025 06.01 
Post secondary Nil Nil 
Total 416 100.0 
 
 
 
Table 6: Distribution of respondents by highest level of family education  
Highest level of education
Achieved by family 
 
Frequency 
 
% 
Cumulative  
% 
No education (all members 
are illiterate) 2 2
 
2 
Primary education 70 70 72 
Secondary education 28 28 100 
Total 100 100  
The relatively reasonable level of education is explained by the 
fact that the sample is predominantly composed of young people 
who had the chance to enroll in formal education institutions. 
However, none of the respondents has received an education 
beyond high school level. 
These results indicate that the most of the respondents are capable 
of reading and writing. Hence, environmental awareness programs 
involving the written word, and other mass media, can be 
effectively employed in extension programs to raise environmental 
awareness among the population of the area.  The situation 
suggests that information about rain water harvesting, storage, and 
spreading techniques can be effectively extended to the members 
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of the population in the area, especially because of their youthful 
composition. 
 
5.1.3 Employment: 
Table 7 shows that 23.55% of all the family members of the 
respondents are engaged in farming as a main occupation, and 
about 17 percent of family members are herders. 
Because of the proximity of the area to the urban centers of the 
state, the larger block of the population (about 43%) are not 
engaged in agro-pastoral activities.  They have non-farm 
occupations. About 16 percent of the family members are 
unemployed (because most of the family members in this category 
are mainly children who are still going to school. 
 
 
 
 
 
Table 7 
Distribution of family members by types of employment 
 
Percent 
 
 
Frequency 
 
Main occupation 
 
23.56 
 
98 
 
 
Farmer 
 47
  
17.07 
  
71 
  
Herder  
 
  
42.55  
 
  
177  
 
  
Other occupation  
 
  
16.83 
  
70 
  
Not employed  
(Student) 
 
100.00 
 
416 
 
Total 
 
 
 
 
 
 
 
 
5.2 Impact of the water spreading on natural vegetation:  
5.2.1 Ground cover: 
Table 8 shows that the ground cover is composed mainly of 
Dunbalab (Aristida sp), Tumam grass (Panicum turgdum) and 
Saha. All these are palatable plant species desired grazed on by 
livestock, and the figures in Table 8 indicate that their density has 
increased after construction of the Abu Soueid dam, but the density 
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of the medicinal plant Sanamaka has declined. Differences in the 
perceived densities of the different plant species in the area were 
found by t-test analysis to be significant at the .0001 level (see 
Table 9).  
The observed increase in the density of Adar plant and Buda 
(Straiga sp.) constitutes a negative effect of the water spreading 
dam which caused high infestations in the area with these weeds.  
The density of Adar and Buda had been low in the before-dam 
period. 
Another example of undesirable plants which indicates degradation 
of rangeland when found is Usher (Calotropis procera). The 
figures in Table 8 indicate a decline in the population of Usher in 
Wadi Abu Soueid area following the construction of the water 
spreading dam.  
The observed improvement in the natural vegetation cover in Wadi 
Abu Soueid area is partly attributed to the construction of the water 
spreading dam, and partly to the rangeland development activities 
of the Range and Pasture Administration of Khartoum State’s 
Ministry of Agriculture, Animal resources and Irrigation (such as 
regular broadcasting of seeds of desirable indigenous plant species 
on degraded range sites and  
 
 
Table 8 
Perception natural vegetation conditions before and after the construction 
of Abu Soueid Dam. 
 
  Distribution of Respondents by 
Level of Perceived Density of 
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Ground cover with species 
(%) 
 
 
 
Plant Species 
 
 
 
Time Period 
Low Medium High 
 
 
 
Total 
Before Dam 8 92 0 100Tumam Grass 
After Dam 0 6 94 100
Before Dam 0 72 28 100Dunblab 
After Dam 0 8 92 100
Before Dam 100 0 0 100Saha 
After Dam 0 92 8 100
Before Dam 100 0 0 100Adar 
After Dam 0 92 8 100
Before Dam 100 0 0 100Buda 
After Dam 8 86 6 100
Before Dam 0 78 22 100Sanamaka 
After Dam 98 2 0 100
Before Dam 0 92 8 100Usher 
After Dam 100 0 0 100
Before Dam 12 84 4 100Salam 
After Dam 0 76 24 100
Before Dam 72 28 0 100Sidir 
After Dam 2 98 0 100
Before Dam 22 78 0 100La-oat 
After Dam 100 0 0 100
Before Dam 0 96 4 100Talih 
After Dam 0 30 70 100
Before Dam 10 88 2 100Sayal 
After Dam 2 32 66 100
Before Dam 0 72 28 100Kitir 
After Dam 0 0 100 100
 
 
 
 
Table 9 
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Results of t-test of differences in natural vegetation before and after the 
construction of Abu Soueid Dam 
 
t Test Statistics  
Plant Species 
 
Time Period  
Mean 
Mean 
Difference 
t 
Value 
 
 
Sig. 
Before Dam 1.92Tumam Grass 
After Dam 2.94
-1.02 -19.80 .000
Before Dam 2.28Dunblab 
After Dam 2.92
-.64 -8.54 .000
Before Dam 1.00Saha 
After Dam 2.04
-1.04 -26.00 .000
Before Dam 1.00Adar 
After Dam 2.08
-1.08 -27.87 .000
Before Dam 1.00Buda 
After Dam 1.98
-.98 -18.36 .000
Before Dam 2.22Sanamaka 
After Dam 1.02
1.20 19.21 .000
Before Dam 2.08Usher 
After Dam 1.00
1.08 27.87 .000
Before Dam 1.92Salam 
After Dam 2.24
-.32 -3.86 .000
Before Dam 1.28Sidir 
After Dam 1.98
-.70 -10.42 .000
Before Dam 1.78La_oat 
After Dam 1.00
.78 13.18 .000
Before Dam 2.04Talih 
After Dam 2.70
-.66 -9.27 .000
Before Dam 1.92Sayal 
After Dam 2.64
-.72 -8.13 .000
Before Dam 2.28Kitir 
After Dam 3.00
-.72 -11.23 .000
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the opening of networks of fire-lines after the rainy season to help 
confine uncontrolled bush fire). 
 
5.2.2 Tree cover: 
Table 8 also showed the distribution of respondents by perception 
of the conditions of the natural woody plant species in Abu Soueid 
area before and after the construction of the water spreading dam. 
Revealed by the respondents is a substantial increase in the density 
of Salam, Sider (Ziziphus spina-christi), Talih, Sayal and Kitir 
(Acacia mellifera). The density of La-oat (an undesirable plant 
species) has declined following the construction of the water 
spreading dam. 
Trees that produce forage for livestock were found to exist in Wadi 
Abu Soueid. The relatively dense vegetation cover has led to 
decrease of wind velocity and, thus, to protection of soil from wind 
erosion. 
As shown in Table 9, t-test analysis has reveal significant 
differences in the densities of the woody plant species in Abu 
Soueid area between the before- and after-dam construction 
periods. The introduction of the water spreading technique has 
resulted into a significant increase in the density of woody species. 
These species include ones that provide feed for livestock, 
especially for camels and goats. 
 
5.3 Impact of the Water spreading on crop production:  
5.3.1 Land tenure: 
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All of the respondents have privately possessed farm land. Land is 
not privately owned because it is registered as government 
property. The members of the population in the area enjoy 
recognized rights to use of communal land resources that are not 
officially registered to individuals or other private entities. 
 
5.3.2 Area under crops: 
5.3.2.1. Area under dura: 
Table 10 shows an increase in both of the minimum and 
maximum areas under dura in pre- and the post-dam 
construction periods. Areas cultivated with dura increased 
by an average of 2 feddans in the after-dam construction 
period. The t-test analysis data shows a difference 
significant at the .09 level. 
5.3.2.2 Area under vegetable crops: 
Table 10 also shows the areas under vegetables crops.  The 
cultivation of vegetable crops, including watermelon, is an 
innovation whose adoption was facilitated by the water 
spreading project.  No vegetable crops were cultivated by 
the respondents in the before-dam period. The maximum 
area under vegetables was found to be two feddans, 
seemingly because of the limited experience of farmers in 
the cultivated of these crops. 
The t-test analysis results displayed in Table 11 also indicate 
significant difference between the mean areas under crops 
for the before- and after-dam construction periods. 
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 5.3.3 Crops yield: 
5.3.3.1 Dura yield: 
As shown in Table 12, dura production (in sacks) by 
respondents in the post-dam-construction period was  
Table 10 
Areas under crops before and after the construction of Wadi Abu Soueid 
dam 
Areas under crops in the 
before-dam period 
(in feddans) 
Areas under crops in the 
after-dam period 
(in feddans) 
 
 
Crops 
grown Minim
um 
Maxi
mum 
Mean Minim
um 
Maxim
um 
Mean 
Dura 3 35 12.92 4 50 14.88
Vegetables 0 0 0 0 2 0.15
Watermelon 0 0 0 0 2 0.13
 
 
 
Table 11 
Results of t-test of differences in areas under crops before and after the 
construction of Wadi Abu Soueid dam 
Sig. t-value
Std. 
deviation
Mean 
Area 
(feddans
) 
Period under
investigation
Crop grown
0.090 -1.056 8.108  12.92  Before Dam  Dura
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Table 12 
Crop production statistics for the periods before and after 
construction of Abu Soueid dam 
 Period Minimum Maximum Mean 
Dura production 
(sacks) 
Before dam 
After dam 
7
12
150 
250 
29.46
43.28
Veg. production 
(sacks) 
Before dam 
After dam 
0
0
0 
30 
0
2.82
Watermelon 
production 
(lorries) 
Before dam 
After dam 
0
0
0 
4 
0
.28
Dura productivity 
(sacks per feddan) 
Before dam 
After dam 
1.17
1.50
4.29 
5.00 
2.17
2.73
 
 
10.32514.88 After dam 
0.019 -2.393 
0.000  
0.443 
0.00  
.15 
Before Dam  
After Dam 
Vegetables
0.020 -2.365 
0.000  
0.389 
0.0  
.13 
Before Dam  
After Dam 
Watermelon
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found to range between 12 and 250 sacks among the 
respondents (with a mean of 43.28). Dura productivity 
per feddan ranged between 1.5 and 5 sacks (with a mean of 
2.73). Incomes from dura ranged between 20000 to 400000 
Sudanese Dinars, with a mean of 56080.  
For the pre-dam-construction period, the minimum and 
maximum sacks of dura produced by the respondents were 
found respectively to be 7 and 150 (with a mean value of 
29.46 sacks), and the productivity ranged between 1.17 and 
4.29 sacks per feddan (with a mean of 2.17 sacks). 
Dura productivity per feddan has increased lightly on the 
average in the after-dam period, and modest increase reflects 
the effect of increase of the population of Adar and Buda 
weeds. 
compare with pre dam period, but as revealed in Table 13 t-
test analysis showed significant differences in dura 
production for the periods under investigation. 
This result indicates that the Abu Soueid water harvesting 
and spreading scheme has contributed to an increase in soil 
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moisture, and thereby has contributed to improvement in the 
production of dura. 
 
5.3.3.2 Yield of vegetable crops: 
Also Table 12 showed that the minimum and maximum 
production of vegetables in sacks were 0 and 30 
respectively, and the minimum and maximum watermelon 
production are 0 and 4 (lorries) respectively in the post dam 
period. 
 
 
 
 
 
 
Table 13 
Results of t-test of differences in production of crops before and after the 
construction of Wadi Abu Soueid dam 
Sig. t-value
Mean 
Production  
Period 
Crops and units of 
production 
0.061 -1.896 
29.46  
43.28 
Before Dam  
After dam 
Dura
(sacks)
0.011 -2.586 
0.00  
2.82 
Before Dam  
After Dam 
Vegetables
(sacks)
0.020 -2.374 
0.0  
.28 
Before Dam  
After Dam 
Watermelon
(lorries)
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At the general the production of these minor crops it modest, 
because of lack of experience among farmers concerning the 
management of these new crops.  
 
5.4 Impact of water spreading on animal production:  
5.4.1 Animal Populations: 
Table 14 shows the number of animals which are kept by the 
families of the respondents under investigation.  It was found very 
difficult to know the exact sizes of the herds kept because some 
superstitious livestock owners were reluctant to give precise 
information about the number of animal they are keeping because 
they fearful of “the evil eye” and they also fear high taxes. 
The figures in Table 14 indicate that the numbers of the different 
animals kept by the respondents’ families have increased 
substantially in the period following the construction of Abu 
Soueid Water Spreading Dam relative to the period before the 
construction of the rain water storage and spreading dam. The 
mean of number of heads of goats kept by the family has increased 
 58
from 11 to 17, that of sheep from 40 to 63, cattle from 9 to 15, 
camels from .94 to 1.66 and donkeys from 1.08 to 1.64. 
In Table 15, t-test analysis shows that the increases in the numbers 
of camels and donkeys after dam construction are statistically 
significant at the .05 level. 
 
 
 
 
 
 
 
 
Table 14 
Sizes of livestock herds kept by respondents before and after construction 
of Wadi Abu Soueid dam 
 
Numbers of animals 
Kept in the period preceding 
Abu Soueid Dam 
construction 
Numbers of animals 
In the period 
following 
Abu Soueid Dam 
construction 
Type of 
Animals 
kept by 
respondent
s 
Minimu
m 
Maximu
m 
Mea
n 
Minimu
m 
Maximu
m 
Mea
n 
Goats 0 80 11.6 0 100 17 
Sheep 0 350 40.5 0 500 63.6 
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Cattle 0 100 9.0 0 150 15.9 
Camels 0 6 0.9 0 8 1.7 
Donkeys 0 5 1.1 0 7 1.6 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 15 
Results of t-test of differences in livestock herd sizes before and after the 
construction of Wadi Abu Soueid dam 
Sig. t-value 
Std. 
deviation
Mean 
number 
Period under
investigation
Type 
of animals
kept 
0.090 -1.714 
12.24  
18.51
11.62  
17.00 
Before Dam  
After dam 
Goats
0.147 -1.463 
62.37  
92.68 
40.52  
63.64 
Before Dam  
After Dam 
Sheep
0.142 --1.482 
17.90  
27.64 
9.00  
15.90 
Before Dam  
After Dam 
Cattlee 
0.035 -2.137 
1.30  
1.99 
..94  
1.66 
Before Dam  
After Dam 
Camels
0.028 -2.225 
1.27  
1.26 
1.08  
1.64 
Before Dam  
After Dam 
Donkeys
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5.4.2 Animal feeding: 
5.4.2.1 Feeding pasture: 
Table 16 shows the different animal feeds used by 
respondents in the after–dam period. It can be said that 100 
% of  the respondents used pasture for feeding their animals. 
Camels depend exclusively on natural grazing.  Fodders are 
fed to goats, sheep, cattle and donkeys.   
Concentrates are used in the feeding of cattle and goats 
mainly, and to a lesser degree in the feeding of sheep. 
 
5.4.2.2 Feeding fodder: 
Because of shortage in natural pastures during the dry-
season, the herders use supplementary feeds to nourish their 
animals, such as dura stacks (or residues) left in the field 
after harvested of dura grains for human use The amount of 
fodder fed this way depends on the crop density. As 
indicated earlier, dura production has increased after the 
construction of Abu Soueid Dam, compare with the before-
dam period. This means that the amount of dura stacks 
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available for use as animal feed has increased in the after-
dam period. As reflected in Table 10, 96% of the 
respondents used dura residues as fodder for goats, 98% for 
sheep, 88% for donkeys and 84% for cattle. To be noticed is 
the finding that camels are not reared on dura crop residues. 
During the field survey it was found that sometimes the 
respondents use irrigated fodder crops, such as Berseem 
(Medicago sativa) and Abu Saba’een (Sorghum bicolor) to 
provide supplementary feeding for their livestock. 
 
 
 
 
 
Table 16 
Use of different animal feeds in Wadi Abu Soueid area 
Concentrates grassNatural pasture Fodders 
Used 
(%) 
Not 
used 
(%) 
Used 
(%) 
Not 
used 
(%) 
dUse 
(%) 
Not 
used 
(%) 
Type of 
animal 
30 70 96 4 96 4 Goats
4 96 98 2 98 2 Sheep
60 40 84 16 84 16 Cattle
0 100 58 42 0 100 Camels
0 100 88 12 88 12 Donkeys
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5.4.2.3 Feeding concentrates: 
The respondents feed concentrates to their animals in order 
to satisfy the animals' production nutritional requirements 
(refer to Table 16). Concentrates, including wheat barn and 
oil-seed cakes, are used by 60% of respondents in the 
feeding of cattle, 30% in the feeding of goat, and only 4% in 
the feeding of sheep. Concentrates are not given to camels 
and donkeys.  The respondents use concentrates to feed only 
animals that produce milk for household consumption and 
for sale.  
The above-mentioned findings suggest people in the study 
area do not depend exclusively on natural pasture grass 
throughout the year. They supplement pasturing with 
feeding on fodder (cultivated crop residues) and 
concentrates.  This suggests that the rangeland in the area is 
not degraded by overgrazing, which is an indication of a 
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significant positive impact on natural vegetation, and on 
crop and animal production, from the water spreading 
project under study. 
 
5.4.3 Type market of animal production: 
Table 17 indicates that 40% of respondents were not involved in milk 
production for sale in the period prior to the construction of Abu Soueid 
dam, compared to 20% in the after-dam construction period. In other 
words, now 80 percent of the respondents are involved in milk 
production for sale (a post-dam 33.33% increase in the number of 
producers of milk for sale is indicated by this figure). Group marketing of 
milk is  
 
 
 
 
 
 
 
Table 17 
Animals and animal products marketing channels 
 
Milk 
Marketing Channel 
Live Weight 
Marketing Channel 
 
Period 
No 
Marketing 
% 
 
Individual
% 
 
Group
% 
No 
Marketing
% 
 
Individual 
% 
 
Group
% 
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Before 
Dam 
 
40 
 
16 
 
44 
 
80 
 
20 
 
0 
After Dam  
20 
 
22 
 
48 
 
60 
 
40 
 
0 
 
 
 
 
 
 
 
 
 
 
 
 
more common.  Only about one quarter of the commercial milk 
producers sell their milk individually. 
Also shown in Table 17 is that engagement in sale of live animals 
increased from 20% in the pre-dam period to 40% in the post-dam 
period. This indicates a positive impact on quantity and quality of 
livestock from the water spreading projects, seemingly because of 
improved nutrition practices. To  
be noticed is the finding that sale of live animals is practiced 
through individual channels. 
The foregoing results indicate that the economic status of the target 
population of Abu Soueid Water Spreading Dam has improved. 
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5.4.4 Incomes from animal production: 
Table 18 shows the incomes earned from sale of milk and live 
weight among the respondents.  The figures reveal substantial 
increase in gross incomes from sales of milk and live animals in 
the post dam construction period  
The t-test analysis statistics in Table 19 confirm that increases n 
income from sale of milk and live animals that were earned after 
the construction of Abu Soueid dam are statistically significant.  
 
5.5 Impact of water spreading on community security: 
Table 20 suggests that the trespassing in farmland was perceived 
by 16% of the respondents to have occured in the period following the 
construction of Wadi Abu Soueid dam, compared with with period before 
construction of the dam (only 6% of the respondents perceived that 
trespassing had occurred during that  
Table 18 
Income form sales of milk and live animals in Wadi Abu Soueid area 
before and after construction of the dam 
Income from live weight in 
SDD 
Income from sale of 
milk in SDD 
Mean Max. 
  
Min.  
 
MeanMax.
  
Min. 
 
Period under 
investigation 
31280 3500000 40860360 0 Before dam 
87020 700 0 94480900 0 After dam 
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Table 19 
Results of t-test of differences between pre- and post-dam incomes form 
sale of milk and animals 
 
 
Table 20 
Perception of security hazards in Wadi Abu Soueid area before and after 
of the construction of the water spreading dam 
Pre-dam period 
 
Post dam 
period 
Types of 
hazards 
Occurance 
Freq. % Freq % 
Sig. t-value 
Mean 
Differ-
ence 
Mean 
Income 
in 000’ 
of SDDs
Period under 
investigation
 
Source 
of 
income  
 
 
0.015 -2.84 53.62 
40.86 
94.48 
Before Dam  
After dam 
Milk 
sales
0.o23 -2.30 55.74 
31.28  
87.02 
Before Dam  
After Dam 
Live 
weight
sales
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Not perceived 
Perceived 
47
03
94
06
42 
08 
84
16
Trespassing  
in farmland 
Total 50 100 50 100
Not perceived 
Perceived 
44
06
88
12
29 
21 
58
42
Trespassing 
in rangeland 
Total 50 100 50 100
Not perceived 
Perceived 
10
40
20
80
26 
24 
52
48
Fire break 
outs  
Total 50 100 50 100
Not perceived 
Perceived 
10
40
20
80
35 
15 
70
30
Cutting of 
trees 
Total 50 100 50 100
Not perceived 
Perceived 
34
16
68
32
21 
29 
42
58
Animal thefts 
Total 50 100 50 100
 
 
 
 
 
period). Also 42% of the respondents believe threatening trespassing in 
rangeland is occurring in the post dam-construction period, compared to 
only 12% perception of trespassing for the pre dam-construction period. 
The t-test statistics in Table 21 show that there is a significant 
difference in the perception of the occurrence of trespassing in rangeland. 
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These results indicate that security problems have increased as a result of 
the construction of the Abu Soueid water spreading dam.   
Table 21 also shoes that lesser fire outbreak were encountered in 
the post dam period (as perceived by 48% of the respondents).  It was 
found (as perceived by 80% of the respondents) that more fire outbreaks 
were prevalent during the period before the dam was constructed. The 
density of the natural vegetation cover has increased in the post dam 
period in part as a result of the organized programs of The Range and 
Pasture Administration of Khartoum State’s Ministry of Agriculture that 
minimized uncontrolled bush fires.  
The analysis results displayed in Table 21 also reveal less cutting 
of trees in the post dam period (tree cutting was perceived by 30% of the 
respondents to have continued in the post dam period, compared to 40% 
perception among the respondents for the pre-dam period). These results 
suggest that community members are getting to be more aware about the 
importance of environmental conservation and the importance of trees in 
the area. Also some people started to use gas and gasoline for cooking, 
and that has led to gradual decrease in the cutting trees for fuel wood in 
the post dam period. 
Also, as Table 21 shows, animal thefts were encountered by 58% 
of the respondents in the post dam period (compared to 32%  
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Table 21 
Results of t-test of differences in the perception of security hazards 
between the periods before and after construction of Wadi Abu Soueid 
dam 
Security 
hazards
Period under 
investigation 
Mean t 
value 
Sig. 
Trespassing 
in farmland 
Before dam 
After dam 
.0600  
.1600 
-1.603 .112 
Trespassing 
in range land 
Before dam 
After dam 
.1200  
.4200 
-3.554 .001 
Fire 
outbreaks 
Before dam 
After dam 
.80  
.48 
3.50 .001 
Cutting of 
trees 
Before dam 
After dam 
.80  
.70 
1.151 .253 
 
 
 
 
 
 
 
 
 
reporting of the occurrence of animal thefts in the pre dam period). The 
reason for increased animal thefts is the concentration of animals  
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in the area following the construction of the water spreading project and 
improvement of local pastures and crop production activities that secure 
supplementary feeds for livestock.  The use of adequate security 
measures is also lacking in the area. 
 
5.6 Impact of water spreading on out migration: 
5.4.5 Period of annual out migration: 
Table 22 shows that the maximum number of months of annual out 
migration during the per-dam-construction period was 6 months, 
compared to a maximum of 3 months of out migration in the after-
dam-construction period. 
In Table 23, the t-test analysis statistics show that there is a 
significant difference in terms of number of months spent annually 
away from the area by the respondents’ family members in the 
periods before and after construction of the dam. This result 
indicates that the water spreading project has prolonged the 
engagement of the population in local productive economic 
activities that contribute to strengthening of the desire to stay in the 
area and ability to participate in local community development. 
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Table 22 
Duration of temporary annual out migration before and after construction 
of Wadi Abu Soueid dam 
Length of annual out migration (in months)  
Period  Minimum Maximum Mean
 
Before Dam 
 
0 
 
6 2.56
 
After Dam 
 
0 
 
3 .72
 
 
Table 23 
Results of t-test of difference in the duration of temporary annual out 
migration between the periods before and after construction of the Wadi 
Abu Soueid dam 
Sig. 
t-
value 
Mean 
Difference
Mean 
number of 
months of 
out 
migration 
Period 
 
Variable 
 
 
0.000 5.559 1.84 
 
2.56  
.72 
 
Before Dam 
After dam 
Annual 
out migration
(months)
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5.7 Results of correlation analysis: 
Correlation analysis was carried out to determine the magnitude and 
significant of the associations among variables relating to the 
environmental and socio-economic impacts of the water spreading 
project under investigation. 
Results of correlation analysis are displayed in Table 24 and are 
discussed in this section to further explain the impacts of the hydro-
ecological changes resulting from the construction of Wadi Abu Soueid 
water spreading dam. 
 
4.7.1 Correlates of family size:  
Family size was found to correlate positively and significantly with 
number of animals kept and number of months of out migration, 
and negatively with the perception of land use, environmental and 
security hazards. Members of large families in the area feel more 
secure than members of small resource poor households. 
 
4.7.2 Correlates of livestock herds size  
The coefficients displayed in Table 24 indicate significant positive 
correlation between sizes of the different livestock herds kept by 
the families in the study area, meaning that on the average family 
members who own more goats also own more sheep, cattle, camels 
and donkeys. 
Ownership of livestock herds was also found to correlate positively 
and significantly with farm size and area under crops, and with 
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income from sale of milk and live animals, and with the number of 
months of out migration. 
 
 
 
Table 24 
Matrix of inter-correlations for selected variables 
 
 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 
X1 1.00 .31* .273 .244 .31* .38* .26* .24 .45* .06 .06 .32*
X2  1.00 .80* .75* .36* .39* .27 .77* .39* .17 .17 -.06 
X3   1.00 .75* .28* .49* .32* .89* .54* .14 .14 -.12 
X4    1.00 .37* .11 .66* .86 .38 .20 .20 -.08 
X5     1.00 .07 .47* .30* .30* .45* .45* -.12 
X6      1.00 -.02 .25 .49* -.06 -.06 -.12 
X7       1.00 .49* .43* .32* .32* -.07 
X8        1.00 .44* .22 .22 -.04 
X9         1.00 .25 .25 -.03 
X10          1.00 1.00* .21 
X11           1.00 .21 
X12            1.00
 
Key: 
 
 
 
 
 
X1  = Family size 
X2  = Number of goats kept 
X3  = Number of sheep kept 
X4  = Number of cattle kept 
X5  = Number of camels kept 
X6  = Number of donkeys kept  
X7  = Income from sale of milk 
X8  = Income from sale of live animals 
X9  = Out migration (months) 
X10  = Farm size 
X11  = Area under crops 
X12 = Perception of  land use hazards 
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4.7.3 Correlates of farm size 
Correlation analysis revealed that farm size correlate positively 
and significantly at 0.01 with area under crops. The coefficient 
computed (r=1.000) indicates a cropping intensity of 100%, that is 
all farmland in possession of the respondents had been cultivated 
with different crops (maily dura).  Farm size was also found to 
correlate significantly with size of livestock herds kept, and with 
income from animal production (it correlates significantly with 
number of camels in possession and with income from sale of 
milk. 
 
4.7.4 Correlates of income from sale of milk 
The correlation analysis results in Table 21 suggest that income 
from sale of milk is positively and significantly correlated with 
number of goats, sheep, cattle, and camels, and with income from 
sale of live animals, number of months of annual out migration, 
farm size, and with area under crops. 
 
4.7.5 Correlates of income form sale of live animals: 
Income from sale of live animals positively and significant at with 
number of goats, sheep, cattle and camels kept, with income from 
sale of milk, and with number of months of annual out migration. 
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 4.7.6 Correlates of number of month of annul out migration  
Correlation analysis shows that the number of month of annual out 
migration which have relationship with number of animals kept, 
family size, and income from sale of milk and live animals. 
 
Chapter Six 
CONCLUSIONS AND RECOMMENDATIONS 
 
6.1 Summary and conclusions: 
This study was conducted in Wadi Abu Soueid (an area which is 
located in the East Nile Locality of Khartoum State) with the objective of 
investigating the ecological and socio-economic change that have taken 
place as a result of the construction of a rain water harvesting and 
spreading dam. 
The area is inhabited by pastoral and agro-pastoral population 
groups engaged in animal production under natural conditions, and crop 
production (sorghum and some vegetable crops) mainly for subsistence 
purposes. 
A field survey was carried out to evaluate the present ecological 
and socio-economic conditions of Wadi Abu Soueid and the ones that 
used to prevail in the area with land degradation effects. Before the 
construction of Abu Soueid dam, the ecosystem was vulnerable to 
disturbances, and the Abu Soueid dam was established as a measure for 
checking land degradation processes. 
The filed survey revealed that the ecological socio-economic 
conditions in Abu Soueid area in the before- and after-dam-construction 
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periods are significantly different, in terms of the density of natural 
vegetation cover, farming scale, crop and animal production practices, 
the number of animals owned by the pastoralist and agro-pastoralist 
household members, incomes from crop and animal production, 
community security, and extent of temporary annual out migration of 
community residents. 
It was also revealed by the study that some negative effects have 
resulted from the establishment of Wadi Abu Soueid water spreading 
project, including wide-spread infestations with Buda and Adar weeds 
that led to reductions in dura crop yields. Some farmers also lost their 
land due to over-flooding by waters from the dam because of negligence 
of the required annual maintenance operations and follow-up activities. 
 
6.2 Recommendations: 
Based on the above-mentioned conclusions, the study recommends 
regular maintenance of Wadi Abu Soueid dam and other water harvesting 
and spreading dams and other structures in rural areas in Khartoum State. 
Also recommended by the study is the development of adequate 
planning, implementation and follow up of pasture and crop and animal 
production improvement programs in the rain fed and range lands of 
Khartoum State, including the introduction of improved varieties and 
other production technologies, and the intensification of technically 
coordinated and supported extension programs employing the 
participatory approach as the means for achieving sustainable 
development and efficient use of the natural resources of the rural areas. 
The recommendations drawn from the study findings can be further 
elaborated as follows: 
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• Earth bunds should be compacted as much as possible 
during construction and stabilized by planting grass to 
safeguard against water erosion and harmful flooding of 
crop and pasture land. 
• The local communities should be involved as much as 
possible in planning, implementation and evaluation of 
resource use programs as a means for sustainable 
development. Programs work best where people participate 
and have a share in the benefits from resource conservation 
and sustainable development activities. 
• Efforts for introducing husbandry practices to enhance 
moisture availability should be accompanied by other 
measures that lead to improvement of the traditional 
production systems. 
• National institutional arrangements should be made to 
coordinate the design and implementation of various water 
projects in Khartoum State and the participation of 
communities involved. 
• The planning of water harvesting systems should be a part of 
an integrated land and water resource management plan and 
should include capacity building and technology transfer 
components. 
• The technology Transfer and Extension Administration of 
Khartoum State should be closely involved in programs for 
sustainable development of natural resources at all levels. 
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